UNCLASSIFIED 


AD  NUMBER 

AD487419 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JUN  1966. 
Other  requests  shall  be  referred  to  Air 
Force  Materials  Laboratory^  Attn:  Research 
and  Technology  Division,  Wright -Patter son 
AFB,  OH  45433. 

AUTHORITY 

AFML  Itr,  7  May  1970 


THIS  PAGE  IS  UNCLASSIEIED 


% 


Jvm  23,  1966 
DMIC  Minpr^ndfAP  213 


REVZEIf  OF  DIMENSIONAL  INSTABILITY 
IK  METALS 


DEFENSE  METALS  INFOrWATION  CENTER 


BATTELLE  INSTI-HTTE 

OOLUJffiUS,  OHIO  43201 


n] 


Best 

Available 

Copy 


IKTimiCTlOK. 


BACKGaOUND 


RECOVERABLE  DIMENSIONAL  CHANGES 


PLASTIC  D£FO»tATION  (MICRDSTRAIN) . 


DIMENSIONAL  INSTABILITY 


Mochanltas  Laadlng  to  Dlmansional  Inetabllity  in  Matala. 


Matallurgica?  Machanlsns 


Rosldual-Strosa  Mechanismc 


REFERENCES 


BIBLIOGRAPHY. 


SUMMARY 


•.V" 
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SIMMARY 

This  menorandua  dltcutses  toms  of  tha 
problwns  that  arise  as  t  result  of  dimensional  In¬ 
stability!  and  presents  data  on  stabllltyt  precision 
mechanical  properties!  and  stabilization  procedures 
for  a  variety  of  materials. 

The  term!  dimensional  Instability!  as  it 
is  used  In  thlt'>  memorandum!  refers  to  changes  In 
dimensions  that  occur  over  a  period  of  tlsM  in  a 
specimen  without  external  loading.  The  two  primary 
mechanisms  that  cause  dimensional  Instability  In 
metals  are  (l)  metallurglcsl  inctablllty  and  (2) 
relaxation  of  residual  stresses.  There  are!  In 
addition!  more  subtle  metallurgical  reactions  that 
are  not  well  understood.  These  smy  Include  the 
effects  o'  ordering  of  interstitial  and  substitu¬ 
tional  atoms!  the  effects  of  grain-boundary  migra¬ 
tion!  and  movements  of  magnetic  domain  walls.  Some 
of  the  characteristics  cf  the  mechanisms  leading  to 
dimensional  changes  are  discussed  In  this  mesMrandum. 

nnupasiM 

Interest  In  the  dimensional  stability  and 
In  the  precision  mechanical  properties  of  materials 
continues  to  run  high.  Therefore!  this  memorandum 
has  been  prepared.  It  Is  Intended  to  supplement 
CMIC  Memorandum  189  ("A  Review  of  Dimensional 
Instability  in  Metala"i  by  F.  C.  Holdent  March  19! 
1964) .  Information  and  Ideas  which  have  come  to 
our  attention  since  that  time  are  Included  here. 

Much  of  the  discussion  is  exactly  as  It  was  in  the 
earlier  report!  however,  none  of  the  data  Included 
In  the  earlier  report  Is  repeated  here. 

mfsssm 

The  dimensional  stability  of  a  material 
refers  to  Its  ability  to  maintain  its  original  size 
and  shape  over  a  period  of  time  under  specified 
environmental  conditions.  Although  the  term  Is  self- 
explanatory,  It  becosws  necessary  not  only  to 
specify  the  conditions  to  which  the  material  Is  ex¬ 
posed,  but  also  the  accuracy  to  which  dlamnsional 
changes  are  measured.  Because  true  dimensional 
stability  can  be  defined  as  an  absolute  concept. 

It  may  be  more  realistic  to  consider  the  degree  of 
Instability  that  can  be  measured  srlth  suitable 
accuracy. 

Improved  techniques  of  metrology  developed 
during  the  past  decade  or  two  have  Increased  the 
potential  accuracy  of  such  measurements  by  one  or 
two  orders  of  magnitude.  Similarly,  the  require¬ 
ments  of  industry  and  government,  as  exemplified  by 
the  needs  of  missile  and  space  systems,  have  become 
Increasingly  stringent.  Manufacturing  meth’Ods  have 
been  Improved  to  the  point  where  tolerances  speci¬ 
fied  In  mlcrolnchcs  (millionths  of  an  Inch)  ate  be¬ 
coming  coamsonplace!  In  many  Instancea,  It  Is  Impor¬ 
tant  not  only  to  manufacture  e  component  with  such 
precision,  but  also  to  ensure  that  Its  dimensions  do 
not  change  during  service.  It  may  be  elected  U>st 
the  standards  for  producing  and  iwlntalnlng  very 
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high  degrees  of  precision  In  manufactured  parts  will 
continue  to  Increase  during  the  next  decade,  and 
that  those  will  be  extended  Into  broader  segmenta 
of  industry  not  yet  fully  affected  by  the  Increased 
requirements  for  precision. 

In  the  pest,  the  distortion  or  dimensional 
Instability  of  sMtals  was  studied  mainly  for  the 
purpose  of  eliminating  or  reducing  relatively  large 
changea  in  dimensions  In  such  parts  as  eastings  and 
die  blocks.  Most  of  these  applications  Involved 
ferrous  alloys,  and  a  considerable  volume  of  research 
was  conducted  to  study  the  mechanisms  leading  to 
distortion,  and  methods  for  Its  reduction.  A  suar* 
mary  of  the  Information  available  on  this  subject 
was  presented  In  EMIC  Report  163,  "Control  of  Di¬ 
mensions  in  High-Strength  Heat-Treated  Steel  Parit*. 

Additional  Information  of  a  somewhat  dlf- 
fscent  character  Is  needed  to  meet  sMterlal  requlre- 
awnts  for  recent  developsMnts  In  precision  devices, 
such  as  bearings,  gyros,  acceleroneters,  and  missile- 
guidance  systems.  In  these  applications,  very  high 
degrees  of  precision  and  dimensional  stability  may 
be  needed  over  long  periods  of  time.  The  metals 
involved  range  from  the  more  conventional  alloy 
steels  and  aluminum  alloys  to  the  newer  metals  - 
titanium,  beryllium,  and  the  refractory  metals. 
Interest  also  has  been  shown  In  composite  structures 
(sandwich,  laminates,  etc.)  and  in  nonmetallles  - 
glass,  ceramics,  and  plastics.  In  general,  material 
selection  Is  limited  by  factors  other  than  dimen¬ 
sional  stability!  examples  are  strength/density, 
resistance  to  corrosion,  elastic  iMd<<*--s,  and  mag¬ 
netic  behavior.  The  necessity  for  achieving  speci¬ 
fied  physical  or  mechanical  properties  In  addition 
to  stability  of  dimensions  frequently  leads  to  diffi¬ 
culties,  since  the  processing  requirements  often 
are  Incompatible. 

Another  problem  area  Is  involved  with  the 
conditions  of  service  under  which  dimensional  stabi¬ 
lity  Is  to  be  maintained.  The  Influence  of  tciapera- 
ture  and  stress,  both  steady  and  cyclic,  combined 
with  the  presence  of  various  types  of  fields  are 
the  most  Important  variables.  A  part  of  the  di¬ 
mensional  change  Is  (In  most  materials)  unavoidable 
but  predictable  I  thermal  expansion  and  contraction 
from  temperature  changes,  and  elastic  strain  from 
stress  application,  for  example.  These  effects 
usually  can  be  compensated  for  fay  suitable  desi^, 
and  can  be  minimized  by  careful  selection  of  material. 
For  example,  the  thermal  expansion  can  be  reduced  to 
essentlelly  zero  over  a  restricted  temperature  range 
by  selecting  a  suitable  alloy  of  the  Invar  type. 
Elastic  strains  can  be  minimized  by  using  a  materi¬ 
al  with  a  high  elastic  modulus,  and  by  designing 
for  low  stress  levels.  The  thezmal-expansion  and 
elastic-strain  effects  are  essentially  reversible, 
and  are  not  ordinarily  considered  as  a  form  of  di¬ 
mensional  Instability. 

M«iy  of  the  available  data  have  been  ob* 
talned  on  specimens  that  are  not  subjected  to  ex¬ 
ternal  loads  other  than  their  cam  weight.  This 
p'*'t;.blv  is  because  much  of  dhe  Initial  resaar^  in 
this  field  MS  <fone  to  develop  Im^oved  methods  for 
making  reference  standards,  such  as  gage  blocks, 
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rathKT  Ih4n  co^p9ncnt«  mifejMt  ts  MttasMl  load*. 

On  tf>t  ettwr  h«id»  ao^t  pcikt  in  pMslnion  nquip" 
wnt  aw  Mibjaetad  to  •{«•••  during  oorvloot  tvtn 
ttough  tho  •tru.io  ItvtU  uwally  art  Go.'-4tl«aly  low. 
It  haa  bam  obaox^  that  dafoaatle  ^  tlma  ln> 
dapandint  and  ttda  .tgpandan^*  aan  oomu'  <.<a 
MawtndH’ar-lnah'*  J««|l  at  atraaaaa  Mil  balov  tha 
eanvantlanai  ylald  ati^taa  or  profKwtlenal  llait. 

Aa  an  aiiaapla»  tha  eontantlonal  ylald  atrangth 
(0«2  pareant  offaat)  for  wrought  4061  aliaainw  al« 
loy  Mo  roportad  to  ba  40»000  pal*  aharaaa  tha 
praalaion  alaatlc  liadt  mo  about  12*000  pai< 

ttudlaa  on  tha  Mohaniaat  of  adereatrain 
haw  boon  aarriad  out  rathar  Intanaiwly  in  raeant 
yaara>  Althou|f>  taalnologiaa  vary*  tiw  taraM 
*piaaialon  alaatlo  lladV  and  "aderooraap  llnltf 
haw  baan  uaad  to  daatgnata  tha  atraaaaa  at  uhleh 
tlaw>lndapandant  and  tlna  'dapandant  elaatle  flam 
occur •  Tha  praelalcn  alaatlc  lladt  (PH)  la  daflnad 
aa  tha  lowat  atraaa  at  ahleh  a  apaeifiad  raaidual 
atraln  (uaually  of  1  nlerolneh  par  Inch)  la  dataetad. 
It  la  ordinarily  datortainad  by  loading  to  auceaalw- 
ly  Incraaaing  atraaaaa  in  tanaion  until  a  raaidual 
atraln  la  dataetad  (Plguta  1)*#^  Tha  nicroeraap 
iialt*  aa  daflnad  by  Hughal*U}  la  tha  loMct 
atraaa  aufflelant  to  eauao  a  prograaalw  Ineraaaa 
In  raaidual  strain  on  thraa  auecaaalw  loadlnga. 

Aa  a  raault  of  tha  foregoing*  It  appears 
that  In  a  atrassad  part*  tha  laportanea  of  ■lero> 
strain*  as  distlngulshod  fron  true  dlaMnsional  In¬ 
stability*  Mist  ba  raeognisad.  For  conwnlanca* 
tharafora*  tha  total  dlaanslonal  change  la  eon- 
aldarad  to  ba  eonpossd  of  thraa  partai 

(1)  Racowrabla  dlMnalonal  ehangasi  tlM 
Independent  (those  generally  are  undar- 
t'ood  and  pr^letabla*  and  Include 
alaatlc  strain*  thaxMl  expansion*  and 
Mgnatostrlctlw  strain)  and  tine  da- 
pandant  (these  Include  strass-induead 
and  nagnatlcally  Induced  ordering) . 

(2)  Plastic  daforMtlon  (nicroatraln)  |  this 
tarn  Includes  the  Irrecoverable  plastic 
strains*  tlaa  dependant  and  tine  Inde¬ 
pendent*  that  result  froa  applied 
stress. 

(3)  Dlaanslonal  Instabllityi  this  tens  Is 
reBervad  here  for  chants  in  dlaensions 
resulting  froa  IntarMl  stress  systaas 
or  aetallurglcal  Instability  (such  as 
precipitation  or  phase  char.ges)i  that  is* 
changes  that  occur  in  the  absence  of 
external  forces. 

In  the  discussions  that  follow*  these 
thraa  causes  of  diaensional  change  are  discussed* 
and  available  inforaation  on  how  they  can  be  con- 
trnliad  is  presented.  Swhasis  is  placed  upon  the 
causes  and  effects  of  diaonsiM^al  instability. 

PMIKrm  (UMBM 

Certain  generally  considered  racovwr^ls 
diawnsional  changes  result  frea  extemel  changes 
in  stress*  tesipersture*  and  Mgnatic  fialda.  Beth 
linear  and  voltaw  Stonges  ate  Involved.  The  a*aatic 
aodulua  (E)  relates  the  stegnltud*  of  the  applied 
atress  to  the  corresponding  elestie  stralnt  the  e«- 

a  Figures  begin  on  page  9. 

**  References  are  given  on  pages  *  and  b. 


affieiant  of  linear  axpenaton  («)  relates  tha  changa 
of  taaparatuia  to  tha  resulting  tharaai  attain*  and 
tha  Joule  aagnatostrlction  coefficient  (A)  ralataa 
tha  aagnltuda  ov'  an  applied  sagnatlc  field  to  tha 
eorraapondlng  linear  dlwnalonal  changa. 

Vithin  raatrletad  n.7j0»  of  tanparatura 
and  tolaranea*  thaaa  dlaanalonal  changes  esn  ba 
eonsldarad  ealeulabla  and  rswrsibla*  for  thsss 
panaatars  (I*  «*  X)  aw  uaually  axpraesad  aa  eon- 
atanta.  It  la  wll  knoun*  howewr*  and  Mat  bt 
laMabarad*  that  they  aw  really  awraga  values. 
Moraowr*  that#  la  uaually  a  diffaranoa  In  tha  strain 
patti*  dapandlng  upon  idtathar  tha  applied  force* 
taaiparatura*  or  field  la  Inexwaatng  or  dacraaalng. 
Thla  path  dlffcwnea  traeaa  out  a  hyataraala  loop 
aa*  for  oxanpla*  ahewn  In  Figure  2. 

A  aacond  axaapi**  Tor  ilreonltai  Is  glwn 
In  Figure  3.  These  data  auphaslsa  tha  aagnltuda 
attainable  by  tha  hyataraais  loop  and  tha  aignlfi- 
canca  thla  behavior  aty  often  haw  In  precision 
aachanieal-property  considerations.  Tlda-dapondant 
after  affacta  axe  often  aesoeiatad  with  such 
hysteresis  behavior*  aa  shown  In  Figure  4.  Data 
auch  as  these  lead  to  tha  ganarsliutlon  that 
plastic  dafocaation*  In  tha  absaneu  of  stress  relief, 
often  (perhaps  always)  adwrsaly  affects  tha  dl- 
aanslona.1  atablllty. 

Tha  laportanea  of  using  caution  whan  de¬ 
fining  vaxlout  piaeltlon  aachanlcal  propartias*  and 
whan  Interpreting  data  froa  other  soureaa  cannot  bo 
owtaaphaaltad.  For  axaapla*  aoaa  authors  prefer 
to  define  alaatlc  Halt  aa  tha  lowest  stress  at 
which  tha  hyataraala  loop  la  obaarvtd  on  a  cyclic 
straas-atraln  eurw.  But  jXI  known  atrasa-strsln 
curwf  axhlblt  hyataraala.  Thla  la  tha  baala  of 
tho  whole  field  of  Intamal  friction.  Tharafora* 
sudi  data  auat  ba  eonsldarad  In  ralatlonahlp  to  tha 
sensitivity  of  tha  axparlMntal  agulpwnt  Involwd. 

These  so-called  ravarslbia  affects  can  ba 
pradlcud  and*  to  a  dagret*  wlniwUed  lndlvidu..ly* 
provided  that  other  conaldsratlona  do  not  pracluda 
a  free  choice  of  Mtarlai  and  condition.  Tha  thraa 
affects  described  hare  frequently  are*  to  a  degsaa, 
ralstad.  For  axaapiat  allnyt  of  tha  iron-nickal 
type  dasignad  for  low  coafficient  of  axpanalon  de¬ 
pend  upon  ■a^atostrictiva  affects  to  acewpllsli 
this*  as  do  slwilar  alloys  with  •  controlled  varia¬ 
tion  of  alsstie  woduius  with  tawparature.  Invar 
and  Nl’4lpsn.^  are  two  axawpls*  of  such  slloys. 

For  wost  purpesas,  tha  conventional  hwd- 
book  values  for  tha  psrSMters  B*  a*  X,  are  suffi¬ 
ciently  accurate  to  provide  design  Infonution. 

Nhera  greater  accuracy  it  needed  for  •  specific 
ippilcatio.'i^  it  probably  will  be  fMcessaiy  to  con¬ 
duct  e%*rlM>i>a  on  the  particular  Mtarlai  and 
condition  w  be  used,  since  variations  in  cowposition 
and  atructura  are  llktly  to  be  si^lficant. 

uussamm 

Aa  it  la  awpioyad  hare,  tha  tana  aicro- 
atrain  is  defined  as  Irracovtrtbla  plastic 
strain  resulting  frow  an  ^iied  strata.  It  has 
bwen  pointed  out  for  WMy  years  that  tha  valuaa 
tha  alaatlc  Unit  and  tha  proportional  Halt  of  a 
aatai*  aa  conwnUQaclly  defined*  depend  upon  tha 
praelalon  of  tha  atraln  wasurawant.  Mvanoas  in 
wwaurawant  ta^wispiaa  new  haw  pro^aaad  to  the 
point  where  raaidual  atralna  aan  ba  Maaurad  te 
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rttoluilon  of  bottar  than  I  x  10*^  with  ratlatanca 
•train  gagat,  and  to  1  x  10~'7  or  1  x  10-8  by 
•ultabU  capacltmca  gaga*.  Stch  pit  and  Intamal- 
frlctlon  tachnlqua*  paralt  avcn  graatar  eolutlon 
Ctaa  Flgura  5) . 

Tha  praclalon  alaatlc  llal':  (PBL)  !•  tha 
•tra«*  at  which  tha  rasldual  (train  !•  1  alcrolnch 
par  Inch.  Thl*  rathar  arbltary  nuwhar  It  a  tlapla 
racognltlon  of  tha  fact  that,  at  thown  In  Flgura  I, 
tha  ultlMta  ttrangth,  or  avan  tha  ylald  point  it 
far  too  coarta  a  nuabar  for  tha  datlgnar  of  pra- 
eltlon  agulpaant  to  uta.  A  coaparltm  of  tea*  of 
that*  nuabart  for  varlout  aatarlalt  [ laa  Tablat 
1-5*  and  Figurat  6-15)  aaphatlxa  thlt  point. 

Tha  ratldual  aicrottralnt  corratpondlng 
to  tha  pracltlon  alattlc  Halt  or  tha  analatUc 
Halt  ara  contldarad  to  ba  attantially  tlae  Inda- 
pandant.  Studlat  of  tiaa-dapandant  daforattlon  at 
alcrottraln  lava It  alto  hava  baan  conductad.  Tha 
taxa  "alcrocraap  Halt”  hat  baan  daflnad  by 
KughalC  0  at  tha  ttratt  Jutt  tufflclant  to  cauta 
prograttlva  Incratta  In  ratldual  ttrtln  on  thraa 
•uccattlva  loading*  to  tha  taiM  ttratt  laval. 

For  baryllliai,  It  wat  found  that  tha  alcrocraap 
limit  wat  tlgnlflcantly  hlghar  than  tha  pracltlon 
tlattic  Halt.  In  othar  work,  alcrocraap  In  Invar 
and  356-T6  alualnua  at  rooa  and  tll^tly  alavatad 
taaparaturat  hat  baan  obtarvad  at  ttrattat  natr 
(and  In  tea*  inttar««t  btlow)  tha  alattlc  Halt. 
Varlout  txtaplat  era  glvan  In  Fl^oat  16-31. 

BBBBmLJmtUUJl 

Tha  tarn  *dlaantlcnol  Inttablllty”,  at  It 
It  utad  hart,  raftrt  to  changat  in  diaantlont  that 
occur  ovar  a  parlod  of  tlaa  In  •  tpaclaan  without 
axtamal  loading.  Data  hava  baan  raportad  for  a 
nuabar  of  aatalt  and  alloy*  axpotad  both  at  con- 
•tant  taaparatura  and  to  tamparatura  cycling. 

Machanlit  Laadino  to  PiaBitlonal 
Inttablllty  In  Matalt 

Tha  two  primary  machanltma  that  cauta 
dlmantlonal  Inttablllty  In  matalt  ara  taatonably 
wall  known.  Thata  ara  (1)  matallurglcal  Inttablllty 
and  (2)  relaxation  of  ratldual  ttrattat.  Thata 
ara.  In  addition,  mora  tubtla  matallurglcal  ra- 
tcllont  that  ara  not  to  wall  undarttood.  Thata 
may  Include  tha  affaeti  of  ordaring  of  IntartUtlal 
and  aubatituticwtal  atcmit,  tha  affaett  of  graln- 
botfidary  ttlgratlon,  and  movarantt  of  sagnatle  domtln 
walls.  Tha  affaett  of  radiation  on  dlsjantlonal 
chmigat  and  on  propartiat  of  matarUl.,  particularly 
fual  alamant  mabarlalt,  hava  baan  t '  >dlad  ax- 
taf  ilvalyi  howwvar,  thata  ara  contldarad  ^  ba  ba- 
yond  tha  acopa  of  thlt  mtmorandum.  Soma  of  Na 
charaetarlttlca  of  tha  machanltma  laadlng  to  v  - 
mantlonal  changat  ara  dltcustad  in  tha  follwlng 
tactlont. 

muUittsXctt  Mttibinftt 

(l)  batali  or  alloyt  that  do  not  undargo  a 
phaaa  changa  form  ona  of  tha  tlmplaat 
elataak  of  matarUU,  Tha  only  apparent 
mlcrottrucbiral  cl.angai  ara  in  ^aln 
•  Ira,  thapa,  and  orlanutlon.  Ona 
matallurglcal  changa  which  can  cauaa 


•  Tab>t  bagin  on  paga  27. 


tmall  dlmantlonal  changat  it  ordarlt 
Individual  aoluta  atomt  oftan  will  tend 
to  occtg>y  tpaclfic  pntltlona  in  thf 
Bclvant  lattlca  ralatlva  to  Hka  or 
unllka  atom*.  Bacauaa  thaaa  raactlona 
ara  controllad  by  tha  dlffualvlty  of  tha 
aoluta  In  quaatlon,  tha  reaction  rataa 
era  dlatlnguiahad  by  a  ralatlva ly  strong 
tamparatura  dapandanca.  Small  dimen¬ 
sional  changat  will  follow  changat  in 
strata,  magnatlxation,  or  poaaibly 
tamparatura.  Such  reactions  can  ba  ra- 
tponalbla  for  mtxarvp  times  for  oaell- 
iatlng  davlcaa,  hyataraalt  behavior 
diurlng  tha  atiaaa  cycle,  or  time  dapan- 
d>mca  after  reaching  acme  fixed  new 
tamparatura . 

(2)  An  alloy  that  rajacta  a  aaeond  phaaa 
from  solid  aolutisn  (typical  of  tha  agt- 
hardanlng  alloy  ayttama)  will  uaually 
undargo  a  gradual  changa  In  volume.  Tha 
rata  of  tha  reaction  la  dapandant  upon 
time  and  tamparatura,  and  upon  tha  degree 
of  departure  from  phase  aqulllbrlui.  Tha 
reaction  alto  may  ba  senaltlva  to  applied 
ttratt,  the  application  of  vibrational 
•nargy,  and  tha  laval  of  impurltlea  In  tha 
alloy.  Data  from  such  a  changa  art  glvan 
for  tha  ttaala  Hated  In  Table  6  and  In 
Figurat  32-39. 

(3)  A  mttal  or  a  Hoy  that  undargoat  a  trant- 
formation  froa  ont  aXlotroplc  form  to 
another  will  changa  In  volume.  Tha 
changa  may  ba  positive  or  nagttivt. 
depending  upon  tha  ralttlva  tpaclfic 
volume*  of  tha  two  phata*.  In  ttaal,  for 
example,  tha  transformation  from  auttanlta 
to  martantlta  ratultt  In  a  veltcw  Incraata, 
tha  magnitude  of  which  It  dapandont  tm>on 
alloy  competition. 

(4)  Comblnatlont  of  tha  tawral  machanlims 
datexibad  tbova  may  occur  concurrently. 

For  txampla,  a  ttaal  may  exhibit  tlmul- 
tanaoutly  a  potltlva  voltm  changa  frtai 
tha  trantformatlMi  of  ratalnad  auatanlta 
and  a  nagatlva  volume  changa  from  tha 
ta!m>aring  of  martantlta.  Thus,  tha  net 
volume  changa  may  ba  potltlva,  nagatlva, 
or  zero  I  It  alto  may  changa  from  ona  to 
tha  othar  ove.  a  parlod  of  tla>a  as  one 
machanism  bacoMt  dominant  over  «iothar. 

An  example  of  this  it  thoan  in  Flgura  40, 
wnich  illutUatas  tha  dlmanticnal  c'riangat 
cccurlng  In  •  maraglng  ttaal  during  tha 
eexH-ta  cf  it*  ha»t  traatmant. 

Addlti';n4t  data  and  rac Tmarndad  ttablH- 
tatlon  traat»«att  tra  given  in  Tablsi  7-13  and  in 
Figures  41-56  far  S524  ,  60^  ' ,  a.  i  356-76  tlumlnum 
alicyt,  310,  410,  420,  17-7,4i  and  ttainlatt 

ttaalt,  cast  magnatium  ailoyi,  and  other  matarlait. 

Shape  dittortloni  introd'wcad  by  tha  re¬ 
laxation  of  ratldual  ttrattat  ara  toaaaw6.it  mora 
difficult  t*  analytt.  iUtVduai  ttrattat  mc-tt  fre- 
g>iantly  ara  introducad  during  fabrication  or  heat 
traatmant.  Figurat  52-56  give  aimiplat  cf  dlman¬ 
tlonal  Initabiilty  in  ftaal,  at  ctwtad  by  praviotit 
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pMttle  d«fo3Mti«n.  Of  particular  laportanca  In 
thU  Mapact  art  tu£  rtaidual  ttratMt  rtaultlng 
frca  Mcfttnlnp.  Bdnfltld»  at  al«^^'  thaw  ttrattat 
ta  Mfp)  at  39*000  pal  (Pleura  37)  to  arlat  naar  tha 
awrfaoa  of  tumad  baryliiua.  Thit  acqulraa  addad 
alMlfUanca  whan  coa^rad  to  a  PEL  tor  tha  aotit 
■atarial  of  naar  2*000  pal.  That  tuch  atraaaaa 
are  not  unique  to  harylllUB  It  flftr  tnm  a  coapre> 
hanalva  atudy  by  Zlattn*  at  al*(3)  who  Inaattlgatad 
the  affaeta  of  Mchlning  varlablat  on  ratldual 
clrattat  in  a  290>9rada  aaraqlnq  ttaai*  Tl>8Al-Ulo> 
1¥,  Inconal  718*  and  latpaloy.  That#  raaldual 
atraaaaa  (axatplaa  are  qlvan  In  Flqurat  96>6l) 
cancantratad  naar  tha  turfaca,  can  contrlbuta 
alpnlflcantly  to  dltwntlonal  Inatablllty  If  they 
are  tufflelantly  hl9h  to  Induca  alcrocraap.  It  It 
often  difficult  to  nnaova  thata  ttrattat*  avan  after 
a  hlqh-taaparatura  anneal  (Figure  62). 


Juat  how  taKh  tuch  ttrataas  can  affect  tha 
dlatntlont  of  a  part  It  llluatratad  by  an  axparl- 
■ant  of  E9gart*t«v4}  Otlng  cotiBircialiy  obtained 
gaga  blockt  of  32100  ttaai*  Eggart  alactropollthad 
off  idaout  0.010  Inch  fro*  one  tide.  At  thown  In 
figure  63,  two  blockt  tatUd  decraated  177  and  223 
■Icrolnchat  per  Inch,  ratpactlvaly.  Thut*  undar 
auch  condltloni  of  ratldual  ttratt,  any  tubtaquant 
wear  or  annealing  or  thock  wutt  be  axpactad  to  In^ 
duea  a  change  In  dlawniiont. 


A  different  fora  of  ratldual  atrate  can  oa  tat 
up  at  a  ratult  of  changat  In  tawparatura  If  tha  aa- 
tarlal  In  quaatlon  It  anltotroplc  In  Itt  tharaal 
axpanelon.  In  aott  nonetlile  Mtarlalt,  tha  tharawl 
axpanalon  coafflelant  dlffart  appreciably  In  differ' 
ant  lattice  directions.  Savaral  txiMplat  are  shown 
in  Flgurea  *4  and  6%  Thtrefors,  whan  tha  tawpara* 
ture  of  a  polycrystalllna  oggiagata  changat,  an  ap> 
prociabla  aaount  of  atseas  can  ba  built  baUwon 
adjacent  grains.  Davldtnkov,  at  al,w)  havt  calcu- 
latad  how  thoa#  attaaaoa  dapand  upon  tho  toapora- 
tura  Chang#  for  a  variety  of  eeterlalt.  Tholr  data 
are  thotat  In  Tabla  14.  figure  66  ahowt  the  extent 
to  which  auch  atreaaea  can  preduca  aatallographlcal' 
ly  obtervabla  daaaga,  avan  in  alldly  anltotroplc 
Mtorlal  ttKh  at  zlrconlui.  flgurat  67-70 
thow  tha  axtant  to  which  dlaantlont  and  dantlty 
can  be  affected  by  theraal  cycling  in  auch  esterlslt. 
Curing  tuch  t  tituatlon  can  becowa  coaplax,  for  Uta 
tharwol  axpanalon  coafficUnt  Ittelf  it  apparently 
influencad  by  both  heat  traataint  (tea  Plouraa  71 
and  72)  and  by  tha  etthod  of  fabrication  (toe 
Figure  73), 

Data  idilch  ap;]aar  to  ba  ralatao  to  both 
ratldual-ttrttt  pattamt  and  Incoaplata  trtntforaa- 
tlon  in  32100  ttaai  are  thown  In  Figure  74  and  In 
Tablat  13-ig.  Tha  data  thow  not  only  t  raMrfcabla 
affect  of  neutron  Irradiation  on  the  diaentlonal 
atabll  Ity  of  32100  steel,  but  an  even  wore  rawerk- 
•bia  influ. nca  of  tha  ttabllizatlon  traatwant  cn 
tha  affect  of  tha  neutron  Irradiation. 
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FIGURE  5.  RANGES  OF  ^RAIN  hcASURED  BY  VARIOUS 
TECHNIQUES(  6) 


t 


/ 


«l  i  «  »  « - 1 - 1 - 1 — I 

0  «.«  1.0  e.«  t.o  *.•  ».•  >•* 

FIGURE  6.  MlCnOYIEU)  SIRESS  OF  NICKEt  AS  A 

OF  THE  GRAIH-SIJE  PAWWETER,  d-l/2(8) 
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FIGURE  8,  MICRtnriELD  STRESS  OF  P*-3KS1  AS  A 

OP  THE  GRAIN-SIZE  PARAISTER, 


FIOIRE  9.  STRESS-MiaoSTRAIN  CURVES  FOR  F#-3J<SI 
AUjOYS  of  various  grain, SIZES  (OIAMBTI 
IN  MM}  PLOTTED  ON  A  PARABOLIC  SCAliTs, 


•  WITIM.  WitOiU»»M 

»  * -IN.  AT  lew  STRCS# 

•  attm  i0Mfit*rje„0  srnfss 

•  •^•WCTWIi 


'r[*S^'-s;;;'"-“‘'l 

f  ‘ — -ig£iL-»  MA  woQ.rf^tM^y  I 


E  *  3.0(10*  PSJ 


M  WO  )90  200| 
total  strain  (ilflP  IN./M.) 


9  20  40  60 


WO  ISO  140  WO 
Plastic  iiTRAiN((Kr*iN./iN.) 


"®'“  iO.  PUSIIC  DEFORMn*  Of  bo«(») 


■  sample  no.  12 
stase  a 


*9  io 

•»  *  10*  in/ld. 


staoe  e 


»  ^p-  /  •*•  Ml  IXET 

hi  AMMCAuo  .  pm  moff 

(a)  a.  curve  for 

ta;  &c|»nd.d  plot  of  Inltl.i  ~  . 

s'Biplo.  P*«*tic  dtfottMtlon  of  thl. 


W  '"‘1*  '  <  I  l..i- 


- •TMIM.  .,.109  * 


AOOCt'"  - - 

r  ISMuniiiut  ^3 
1 . 


oooF 

0  .iJI' 


WyA  PWify  Oipiwr ' 


•**|N  Popily 


*  4  t 


«So/*,  '•  « 


PIOURfIf.  OF  OOfPtS  «fl,  fua,*. 

>«!m!A3f3f“  "®  foirawstAui* 


Total  Craap  Strain 


Tlat,  houta 


FIGURE  18.  TOTAL  CREEP  CURVES  OF  310  STAIWESS 
STEEL  AT  150 


TiMy  Hour* 

FIGURE  19.  TOTAL  CRSEP  OaVES  OF  310  STAIRLESS 
STffiL  AT  200  fU3) 


Strain 


FIGURE  20.  TOTAL  CREEP  CURVES  OF  356-T6  ALUMIMIll 
AT  85  fU3) 


FIGURE  21 .  TOTAL  CREEP 
AT  150  FV>3 


CURVK  OT  3S6-T6  AUMIHW 


Total  Cr*«f>  fttraliit  icr*  3  T©tal  Qm«p  ttnl» 


I- 

i  ^ 

I  ® 

1  0 


MtMibit  to  «00 


l«t  tWMlllH  to  tOOO  Ml 


0  12349  673«10  1112 

Tljw*  aifwto* 

FIGURC  26.  REPEATED  ROCM-TatPERAlURE  CRSP  TESTS 
OP  HiGH-wRm  ooppbrCi^J 


tmm'IM  too 

PIUIM  29.  DUVHSIQIiAL  STAtlUlY  OP  STWCIUM  0 

MisraiPiMD  saoo  mn.  >  at  vmscvs 

STMSSES  AW  165  Pl*3} 

Au«t*nltlM  hr  at  1590  P»  AutiMpitr  t  hr  at 

900  P,  AC. 


12,000  p«i 


*  9  M 


0  1  2  3  4  9  6  7  P  9  10  U  12 

TlflM,  BlnutM 

FICURE  27.  CRSP  CP  HTQVlVRm  AUMIIUi  AT 
-196  cTl*) 


.  Mtt  1  too 

FIOURE  X.  DDCKSIONAL  STABIUTY  OP  STmKmffit  A  - 
TatreHB)  10  l«  AT  2W  F  AT  VMKVS 
STRESSES  AMD  T!9llPaUTW£S<*5} 

Auatonltis*  l/i  hr  rt  15X  F,  0,5^  at  90  F  ♦  Trtpoi 
10  hr  at  290  F. 


•  now  n 

•  MWMO  n 


Ite*  •  Mn  »  «S 

FIQWK  29.  DIHEBIOML  5T«ILm  OP  STUKTWK  C  - 
SMBOQOaD  52100  STlEt  -  AT  yAlIOUS 
STRESSES  AW  rBli®UTURESi^5} 

AutUnltlw  I  At  hr  a'.  1990  ^0.0.  at  90  F  ♦  Ta«par 
1/2  hr  at  ~32i  F,  ac  ♦  1/^1  hr  at  250  F,  AC,  rapa*to4 
10  tiaaa. 


FtaURB  31.  DUWBlCMAl.  r’ABlUTY  OP  STRMCRJW  1  - 
TOeCUSD  1  W  AT  90C  F  AT  VARIOUS 
STRESSES  AW  rCMnSATUSEsd^) 

Awatanitir.  1/2  hr  at  1990  F,  0.^  at  90  F  ♦ 

I  hr  at  500  P. 
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FlOJfS  38.  DUENSIOWJ.  CHAtKZ  OF  STEEL  I  AT  TO  C 
Ana  gUEMCHIK  FliQH  VARIOUS 
■™IIPERATUR£S'i®) 


iBAlr 


FIGURE  40.  aaHMY  OF  MARAGING  TREATICNT  IN  ITS 

EPtTIRETYllT^ 


Fioua  39.  C0RR6UT1OII  BmCfil  MAXHIM  OXaNSlONAL 
QMNGES  AMD  CAMOM  IN  SOtUTION  IN 
ALmA^UOM.  CURVE  1 1  CARBON  SOUSIilTY 
not  THE  BQUaiBSfiW  DIAGRAM.  OURVB  2 
OOCENSIONAL  CHANGES  (AGED  AT  7)  C)  AS  A 
FUNCTION  Of  gUENCHlNG  TEWBUlWrl®) 


(•)  Ch«n9t  In  Imgth  of  tptclMn  a«  • 

function  of  th«  tin*  of  th«  hast  tnauwnt. 

^b)  Tb«  toMparaturet  and  tha  phataa  uhich  aia 
atabla  at  that  taa|jaratura  anr  irdlcatad. 


It  »«  <**  Its  m* 


Tiaa,  {Jay* 


FrC-TiE  Al.  K24  iaaiUMI  ALLOY  UNSTSESS©  D1*N- 
SK^ai  STABILITY,  MTURAL  AGItC  AfTSI 
aounrcK  ^at  TUttiNOfi'i*) 


Illlll 


ggsiiiigaiicjiaacaMigiiiiii 

Sf”  ■  . . .  ‘ 


»,iiiK^i''sniiiiiiiisss»ni 


aaKiiini 


iBSiiiinI 


IIIIMII 


fiiirtiinMitiiit 

MuiuliBBiliut 

■■■■tiiiiiBClzs;::: 


- - ■■••iiiaMimMMiy 


IM: 


^■Illlll 

IB 

_ 

mzMmtmmzitm 


Si«8"' 


Hi 

■lllllil 
■iiiitir 


111111111 


mm 


ill 


lllllil 

Hill 
iitiiiii 
l■llllm 


IIU^«i!«»ll( 


lSS!l!yMBII!ifHHi!2iytll»S 
l■■lllntiilP!:4l|Wl^■■l»:ii 
l■■lll  ll^■lli>!;t■i■pylit 

. . 

IMMliiljilJI^^ 

l■lllll 


Illlll 
_ illiui 

ll■mlllllj 
■■ii;ii| 
•Fdiiit 
_  lllllil 

SSiiiinifllHIIII 


is 


l■■llltl!l 


••i 

■Illlll 


. _  _ riptWlHIlpiP?!!! 

iiiiuuiniiiii!!imcufit)pfiiiitiiBgs 

iiiiitiiMiiiSHiiBSiiiittiaiSiiiiiiiHMWsiJii 


■VIIKl 

PPiinl 

tlliii 


Ojaf  <9.  DWSStOMi 
L  jr?  L  3-9  • 
CK<S*d  trf  •  or  -  I 


20 


p- 

r.r 

— 

A  SOS 

1. 

1 

tOR 

ZTZ 

* 

•  -s 

n 

•  i 

m  « 

r 

j™ 

• 

wmJ 

, 

8  *2  -077 

" 

— ■ 

“■‘Tn — 

B 

-Uiira  1 

B  320  ♦QB  T 

L  L  i  J  »  .. 

• 

W,^ 

a. 

i  322  *017 

L±J^ 

j 

..j 

r-1  T 

L-L»L-. 

8  »l4«  22  2S;OMM42*€^0  34  58«aS6 

TIME  ELAf^D  SMCE  ffm.  HEAT  TREATMENT,  mmlw 

FIGURE  50.  DIVIENSIONAL  STABILm  Cr  STEELS 

NEALED  CORES  AND  N1T8IDED  SURFACES^ 

A  :.'epr«sents  30^  stainl^s^}  B,  Type  405  stainless 
steel.  The  numbers  preceded  b/  +  or  -  Indicate 
average  stability  In  (nilcroin./in.)/vr«  (See  note.) 


FIGURE  51.  DIMENSIONAL  STABILITY  OF  CASEtKA^ENED 
STEELS  WITH  IffiDIUM-HARD  00REs(21; 

N  represents  Kltrailoy  135  modifledi  P,  Type  17-4Pii 
stalnles'  steel.  The  nuEbers  preceded  by  +  or  - 
Indicate  average  stability  in (iiiicroin./inr)/yr.  (See 
note.) 


NOTE  TO  FIGURES  4V.  50.  and  51 


The  1010  steel  was  carburized  by  packing  in  a 
proprietary  carburizing  compound  and  heating  to 
1750  F  for  10  hours.  The  case  was  hardened  by 
heating  the  specimens  to  1625  F  for  15  jdnutes  In 
a  neutral  salt  bath  and  quenching  in  brine.  The- 
specimens  were  stabilized  by  Ineiediately  refrigera¬ 
ting  at  -14C'  F  for  18  to  24  houro,  tempering  at 
25('  F  for  1  hour,  re-re  frigerating  at  -140  F  for  24 
hours,  and  again  tempering  at  250  F  for  9  hours. 


Annealed  410  stainless  steal  was  case  harden¬ 
ed  by  nitriding.  Nitriding  was  performed  in  an 
amsenia  atmosphere  at  1020  F  for  40  to  44  hours. 

Tha  case  produced  was  0.C09  in.  thick  and  had  a 
Hardness  in  excess  of  R^  65,  All  faces  were  ground 
to  remove  the  white  layer  and  prepare  the  gaging 
surfaces  for  lapping.  The  specimens  were  than 
demagnetized,  stress  relieved  at  975  F  for  3  hours 
and  lapped  to  size. 


All  surfaces  were  ground  to  remove  only  a 
portion  of  the  case.  After  grinding,  the  specimens 
were  stress  relieved  at  250  F  for  1-1/2  hr  and  any 
residual  magnetism  remaining  from  contact  with  the 
grinding  chuck  removed  with  a  demagnetizing  coil. 


This  steel,  heat  treated,  stabilized,  and  fab¬ 
ricated  as  described,  possesses  qualities  of  ur.tra- 
stability  which  to  date  have  been  unsurpassed.  Over 
a  four-year  period  the  measured  changes  in  length 
for  two  specimens  have  been  +0.01  and  -0.01  x  10”^ 
(ln./ln.)/yr.  Curves  illustrating  this  performance 
are  shown  in  Figure  49  (specimens  L  377  and  L  379). 


Almost  as  good  a  degree  of  stability  was 
obtsinsd  by  hsrdsnin^  ths  surfsc^?  of  1010 
specimens  af  ;er  carfaonitrlding.  The  specimens  were 
carbon! tride-'i  in  an  appropriate  atJROsphere  at  1600  F 
for  4-1/2  tioi  rs  to  give  a  case  depth  of  about  0.022 
in.  The  surfaces  were  hardened  by  heating  the 
jpeciiwru.  to  1650  F  in  neutral  salt  and  quenching 
In  brine,  followed  by  stabilization  and  temperlnc 
treatnurts  identical  to  those  oiven  the  carburized 
blocks.  The  hardened  faces  were  ground  to  leave 
about  O.OiS  in.  of  case  on  the  gaging  surfaces,  but 
ail  of  the  case  on  the  non-gaging  surfaces  was  com¬ 
pletely  reiToved.  Specimens  were  e^ibsaquently  sties.-; 
relieved  at  275  F  for  2  hours,  demagnetized,  and 
lappe  i.  Over  3  four-year  period  the  change  In 
longih  was  -C.U  and  +0.11  s  10"^  (ln,/in.)/yr  fo)' 
sf^ciirenf  L  ,383  and  L  387,  respectively,  (see  Figure 
09). 


The  nitrided  410  stainless  steel  specimens 
have  been  observed  for  about  5  years  and  have  proven 
to  be  ertrcmely  stable.  As  shown  In  Figure  49,  the 
instability  Is  less  than  C.l  x  10"^  (in./in. //yr, 
being  +C.06  and  -0.01  x  for  specimens  F  330 
and  F  333,  respectively. 

The  principle  of  applying  nitrided  cases  to 
annealed  materials  was  extended  to  types  304  and  405 
stainless  steel.  The  degree  of  stability  exhibited 
by  all  specimens  observed  for  periods  varying  from 
fourteen  months  to  almost  three  years  was  an  ex¬ 
cellent  0.20  X  10”6  ( in./in. )/yr  or  better 
(Figure  50). 


Nltralloy  135  modified  was  treated  in  ..everal 
ways.  The  best  treatment  consisted  of  hardening 
from  1725  F  and  tempering  at  1200  F  for  2  hours  to 
produce  a  hardness  of  Rc  34,  Specimens  were  nitrided 
at  1050  F  for  about  49  iiours.  The  white  layer  was 
ground  off  of  the  nongaging  surfaces  aii.,;  the  gaging 
surfaces  were  gioiind  in  preparation  for  lapping. 

After  a  stress  relief  of  975  F  for  3  hours,  the 
specimens  were  rough  lapped  and  then  stree  ;  rt  llevad 
a  second  time  at  1000  F  for  2  hours  prior  to  finish 
lapping.  Tiie  gage  blocks  thus  produced  had  a  high 
degree  of  stability.  The  two  specimens  observed 
(N  326  and  N  328)  sho^d  a  very  slight  growth  rate 
of  0.10  and  0.17  x  TO”®  (^ ■^./ln.)/yr,  respectively 
(Figure  51 ), 
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FIOiRE  52.  ELASTIC  AFT9  EFFECT  FOR  BJTaCTOXD  STEEL 
BAR  0«<SI?riilG  LAMELLAR  FBAKnE 
AFTBt  PLASTfiC  EUMSATION  (6)0 

Sptclacn  Oluitor  6  n 
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FIOIRE  53.  REUTION  BETtfEEN  LEN6TH-CHANGE  AND 

ANNEALING  TEMPERATURE  AFTSt  COLD  WORKING 
FOR  EUTECTOID  STEEL  BARS  CONSISTING  OF 
LAMELLAR  PEARLITE(22) 

Curve  at  for  5.3)i  elorvgated  spacliwna, 

Curve  bt  for  5.5X1  coapressed  apeciitena. 
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AitfiMllng  Taflp«xatux« 

FIOURE  54.  REUTION  BETMEEN  DIAMETER  CHANGE  AND 

AWCALING  TairERA»»E  AFTSt  COLD  NORKIIIG 
FOR  EUTECTOID  STEFL  BARS  OONSISTINS  OF 
LAMELLAR  ^ARrDE(22) 

Holding  tin*  at  annealing  teiq>  30  nin 
Curve  at  for  5.^  elongated  apciaena. 

Curve  bt  for  5.5X  coapreased  spsolssns. 


I  40.02 
l”  40.01 


i  S  *0-02 


-0.05 


b.  Coapraased 
Speeiaana 


-0.06 

-0.07 


0  200  400  600  800  1000* 

Annealing  Taaperatute 

FiamE  55,  REUTION  BETWEEN  LENGTH  CHANGE  AND 

ANNEALING  TBIFERATURE  AFTER  COLD  WORKING 
HX:  EUTECTOID  STEEL  BARS  CONSISTING  OF 
GRANULAR  PEARLITe(22) 

Holding  tima  at  annealing  temp  30  min 
Curve  at  for  5.6)(  elongated  speciMns 
Curve  bt  for  5.^  compressed  specimens 
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FIGURE  6C.  EFFECT  OF  WEEL  SPEED  ON  RESIDUAL 

STRESS  AFTra  SURFACE  GRINDING  TITANIUM 
8A1-1Mo-1V(3) 


liepth  Below  Surface*  Inches 


FIGURE  61.  EFFBCT  OF  HHEEL  HARDNESS  ON  RESIDUAL 
STRESS  AFTra,  SURFACE  GRDOIING  TITANIUM 
8A1-1Mo-1V(3) 


Aged,  302  BHN  aluminum  oxide  wheel  Ased*  302  BHN  al uniman  oxide  wheel 

UXi 


THCXMAL  TXCATIKC  TCMPCXATURC  J.  , 

FIGURE  62.  EFFEa  CF  TIME  AND  TEMPERATURE  ON  THE  RELIEF  OF  SURFACE  STRESS  RESIDUAL  TO  MACHINING  IN  HOT- 
PRESSED  BERYLLIUM  ( 23K  BeO)  BASED  ON  A  9'W  OONFIDENCE  LEVEL  EQUAL  TO  OR  GREATER  THAN  THE 
IWMBER  SHOIIiNl23)* 

♦Stress  relief  can  be  conducted  in  air  temperatures  as  high  as  900  F  as  long  as  appropriate  safety  pre¬ 
cautions  are  observed.  Above  900  F,  stress  relief  should  be  conducted  in  an  inert  atmosphere  (such  as 
argon)  and  in  accordance  with  appropriate  safety  preoautions. 
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FIGURE  63.  EXPERUSNIAL 
PM.I9HING(^) 


GM3B  BLCXaCS  AFTER  ELECTRO- 
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FIOIRE  64.  TEMPERATURE  VARIATION  OF  TWE  LlffiAR 
OCEFFiCIENTS  OF  EXPANS10n(24) 


too  aoo  300  400  BOO  000  700 
TatiyaroMir*  *0 

FIGURE  66.  EFFECT  OF  TEMFERAIURE  ON  THE  LINEAR 
CaBFFICIENTS  OF  EXPANSION  ALO^  TOE  c 
AND  a  AXES  OF  ALPHA  ZIR00NIUM(26) 


FIOUIC  66.  MICROSTRlXnVRE  OF  Z  TROON  lUM  AFTER  6 
CYCLES  FROM  16  -606  v.  SntlINC  SLIP, 
BOUNDARY  MICRATION  AND  A  TYPICAL  Kl» 
AT  A  <aAlN-80UK0ARY  IRIPtE  POINT^^S) 

Raducad  approxlmataly  20  parcant  In  printing 


Vari«Uon  In  D«ntity 


OmbcM  ih  T< 


ltUM«  C 


Piouw  n.  VMiATioii  or  oocpricaniT  or  ihpmu.  ixpar- 
SIOM  MD  TBMUIUtl  OT  rOIRT  OT  E1630A  , 
ALLOT  (IMTtt)  «XTM  OPDCMIK!  irMRAIUM*^) 

1  •  CMffietMit  of  ttWtMl  OXpMOlORy 

2  -  Toaporoturo  of  {ftoto  tMnofonatlon. 


Tiyitm  TiMpmtMf,  c 

FIGUIB  72.  VARUnON  OP  OOtPFlCIEIIT  OP  IHEflWU.  EXPAN> 
SION  AND  RESIDUAL  STRESSES  (AT  SUtFAa  OF 
SAHni)  RITN  TBMKRUC  TaiFERA1UR^27} 

Quonchod  ftoa  870  C  tn  Mtor.  alloy  Is  Invar. 


roMEP  rausco  nor-  nor-  uamo 

HOT'  aovonu  pmmco^  nuosco  rai»s>.i3  a  c^^rr 

pucaaco.  coaip.  a  coup,  a  coup.  »  nftxMi>,  iaaTuaou 
COMP.  A  COMP.  A  coasp.  A 

'la'SE  73.  OONI»ARISC-<  OF  OECSEE  OF  TMt^MAL-OPMSlON  ANISOTROW  FOR  BERYU.IU* 
FABRICATED  BY  SFVBIAL  TPCHMICIJFsC^B) 


FABRICATED  BY  SEVStAL  TECHNIQUES^ 
(•}  Coav>  A  .  2X  BaO  aaxtoMO 


(b)  CooB  B  -  BaO  Ainlxw 


Nrrmiffno  Ncumeii  njux,  t,>o 

FIGURE  74.  CURVES  CF  INTECRATH)  NBJTRON  FLUX  VERSUS  CHANGE  IN  GAGE  BLOCK  UDCTC^^) 


TttUt  1.  PBL  OOMPARATIVI  CWUnKie) 


27 


TMUt  3.  UOnaCHANIQU.  IKMOntS  OP  'A* 


Ftaclalon 

UltlMta 

Elaatlc 

Strangth, 

Matortol 

Unit,  pal 

P4l 

Hl^t-purlty  alunlnt 

23,000 

23,000 

Hiah-furltv  boryllU 
(corMde) 

20,000 

20,000 

Caaat-bondod  odea 

4,000 

9,000 

Hot-praaaod  borylllun 

2,000 

43,000 

tt-31B  Mgataiun  rod 

6,000 

34,000 

A^O-lb  aliadnui  caotlno 

12,000 

40,000 

2084-1%  aluninun  oxtrutlwta 
6A1.-4V  tltanluB  rod,  an. 

31C  ;rat  ataol  rod,  CR 

23,000 

70,000 

38,000 

130,000 

and  SR 

11,000 

120,000 

Tool  ataal,  hi^  apaad 

30,000 

180,000 

Inconel  X 

63,000 

130,000 

TASie  2.  Eusnc  LIMITS  AM)  lUSTIC  MOIltU  Of 
7HMEE  ALLOTS  AT  75,  ISO,  AM)  200  f(13} 


Material 

Teat 

Tai^ra- 
ture, F 

Elaatlc 
Liadt,  pat 

Elaatlc 
Modulua,  pal 

Invar 

73 

26,400 

23  X  10* 

130 

25,000 

22  X  10^ 

200 

24,700 

21.3  X  10^ 

356-T6 

73 

8,100 

11.3 

aluninun 

150 

7,350 

10.8 

200 

7,190 

10.5 

310  atainlaas 

75 

22,700 

29.4 

steal 

150 

^,400 

28.5 

200 

20,000 

28.1 

6061  aivalmm 

75 

12,400 

10.8 

150 

11,700 

10.3 

300 

10,430 

10.0 

OnIr 


Baiyla 

Annealing 

Tiinparature, 

«Of 

pal 

81m, 

«b»  ®S» 

pal  pal 

1 

1200 

380 

0,018 

3800  -aft.OTO 

2 

1300 

<200 

0.AS9 

1900  13,000 

3 

1800 

<200 

0.081 

1800  7,300 

4 

2300 

200 

OJMO 

2000  8,000 

3 

1800  (aged 

100  hr 

1200  F) 

200 

0.081 

M  a» 

6 

2300  (aged 

100  hr 

1200  F) 

>200 

0.28 

7 

2300  (aged 

114  hr 

1000  F) 

0.28 

* 

8 

1200 

-030 

0.048 

-10,000 

9 

1300 

ao 

OU>58 

3500  7,500 

10 

1800 

200 

0.97 

2000  7,000 

11 

2300 

200 

0.44 

1300  6,000 

12 

2300  (agad 

114  hr 

1000  F) 

200 

0.44 

1300  ~  3,000 

13(0 

2300  (2  hr) 

200 

0.44 

«•  •• 

14(d5 

C.Stf  pxastraln 

300 

0.44 

1800  6,000 

15 

~0.49i(  prestraln 

300 

0.44 

2300  8,000 

16 

1  9  peaatmin 

~300 

0.44 

3000  7,200 

17 

4.9t  paaatraln 

-300 

0.44 

3200  8,000 

18 

OJI  praatzain 

<200 

0.44 

1400  3,300 

(«)  Sm  Plgurt  U  for  dMfiRitlon  of  o^,  Md  o^* 

(b)  All  Mnploa  ORMalod  for  1  hr  In  vocwa  unloot 
othorolto  tndlcatod.  Soo^ot  1-7  lod  otockf 
8-18  ohoot  otock* 

(c)  SoiiDlo  13  tootod  In  tonolon. 

(d)  Su^ot  14-18  ■ort  onnoolod  1  hr  at  2300  F  In 
vscuun,  proatxaln,  than  arwoaltd  1  hr  at  1300  F 
In  vacuuo  prior  to  taatlnq. 


TMM.E  4.  QOMPARISON  OF  MAIN  CDMSTf&XTlONAL  KATSIIALS  RM  GTAOSOOPESi 29) 


Steal 

AliMir.ue 

Ceranlc 

(Tifolcil) 

ClYPictl) 

2.7 

A130n 

TitMtif 

4.51 

Denalty,  g/cn^ 

7.85 

1.85 

3.98 

Young's  Modulus,  pal 

30 

10.4 

44 

56 

15 

Coefficient  of 

Themel  &Ep*nston, 
10-6  C 

10-12 

21-24 

11.3 

8.9 

Pelaaon*  t  Ratio 

0.28 

0.34 

0.01 

0.3SXS> 

0.33 

Themel 

Cons^tlvlty, 
cal  c»'2S"lcrl 

0.10-C.12 

C,J0-0.57 

0.4C 

0J06 

0.04 

Ultlnata  Tanalla 
Strangth,  pal 

60,000-300,000 

30,000-90,000 

93,000 

38,000 

®,000-160,000 

Frtclaion  Elastic 
Llait,  p<i 

16,000-100,000 

12,000-40,000 

1 ,000-12,000 

38,000 

• 

Stlifnasa/telght 

4stlo  { steel  =  1) 

1 

UOl 

6.25 

3.. 

0.87 

_ _ Tim s,  wa.  nL  lai  wmtuaiyi) _ 

Allay  Qmpmi  tartM  Hlthllyhit  «f  Procaaaiiigi  Kiat«ry  Avanyt  KL,  psi 


310  cm 

m  AMiMlad  «t  2030  F,  air  U«>t  tpiMtch  balM  -000  F»  tlx 

cool  (AC)  t«  reoa  taaptratin*  (AT) 

S3S  Stwat  nlUwi  (91)  at  800  F  for  24  hra»  furaac#  cool 

m  Sizoat  follova  at  800  F  for  2  hr««  furaaca  cool 

440C  cm 

841  Ratardad  auairh  (0)  to  RT,  SS  at  300  F,  altamata  3  daap 

fzaasa  (OF)  at  -100  F  and  taaipara.  Final  ta^r  at 
630  F. 

542  Sana  at  $43  axcapt  for  OF  traataanta  at  -320  F 

543  Saaa  aa  S41  axcapt  OF  at  -100  F  prior  to  300  F  a 


SUOO  air  aalt 

S31  ilar<|uonch,  OF  at  -100  F,  altamata  3  taapart  at  300  F 

and  0F*t 

$32  Saw  aa  S31  axcapt  for  IV  traataanta  at  -320  F 

$33  National  9iraau  of  Standarda  laconaandad  tzaatnant  for 

Oa^a  bloeka. 


Graph  lo 

$61  ttaroMonch,  OF  at  -100  F,  altamata  3  tanpara  at  300  F 

anl  QF'a 

862  Sana  at  $61  axcapt  for  OF  tzaatnanta  at  -320  F 

$63  Sana  aa  $61  axcapt  final  2  tat^para  at  650  f  Md  6?0  F 


3,200 

10,300 

10,TOO 


73,700 


92,200 

86,300 


34,600 

61,200 

40,000 


42,100 

32,800 

60,000 


TA8U  6.  OaUCAL  QQHPOSnKW  INO  mOIDSTWCnKS  (8)  CF  T>C  IMVESHCATID  $TFiLs(^6) 


Coapotltlon  of 
Micro  itnKtwra 


>^I 

C 

SI 

Mn 

F 

5 

M 

Al._ 

0 

Cy 

Fajita 

FtarSlla 

1 

0,(S0 

0.12 

0.02 

O.CK 

0.027 

04»5 

0.03 

0.012 

0.06 

100 

2 

0.i2 

0.13 

0.02 

0.019 

0.007 

O.V<» 

OJ77 

0.010 

C.C5 

91 

9 

3 

0.20 

o.ie 

O.C2 

0.018 

C.006 

0.006 

C-,02 

0.015 

0.05 

36 

14 

4 

0.38 

OJO 

O.CC 

0.005 

0.014 

0.006 

OJ36 

0.011 

0.05 

67 

33 

5 

0.35 

0.18 

0.02 

0UX>6 

0.013 

0J308 

0.02 

0.011 

0.05 

49 

51 

6 

0.05 

0.1? 

0.36 

0.C12 

0.010 

".Oil 

0.02 

0.006 

0.34 

- 

ICC 

•» 

0.Ci3 

0.13 

0.24 

0.005 

o.oc« 

0.005 

0.02 

OJHO 

0.05 

100 

6 

0.Ci3 

C.il 

0.40 

0,005 

o.ooe 

0,005 

0.(8 

C.C2S 

0.05 

100 

- 

9 

0,012 

c«oe 

C.6’. 

0.005 

0.009 

0.005 

0.03 

0.023 

0.05 

100 

- 

iO 

0.011 

O.IO 

0.82 

0,008 

C.0C7 

0.006 

o.oa 

0,019 

0.05 

iOC 

.. 
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TiIBU  7.  DOCNSlCMAIr  AW  HAWNESS  CHANCZS  RESULTING  PNOM  SU8ZEW 
EXPOSURE  OF  ANNEAIED  17-7m  STAltUSS  STEELt^^i) 


Sptclwn 


Aft«r  -75  F 
ExpOMin 


Ch«n9»t  Aft«>  Indicated 


♦1.80 

♦1.60 

♦1.80 


40.08 

-0.01 

40.01 

tetter. 

0 

-0.03 

40.01 

■lit  par  li 

0 

-0.03 

0 

jch 

0 

-0U>1 

40.26 

0 

0 

0 

0 

40.16 

0 

40.16 

0 

0 

0 

40.16 

♦1.60 

at.jgJisj 

95 

Efatt* 

95  i% 

94 

94  % 

92  % 

95 

94 

98  Rr 

97  Rb 

96  Rr 

20  Rc 

26  Rc 

Hotel  (•)  Pmclpltetion  hMt  tr«atMnt  for  Spacljwn  1  -700  F. 
(b)  Pmclpltetlcn  h«»t  troatennt  for  Spaciann  2  -900  F. 
(e)  Fraclpitetion  hant  traats^nt  for  Spactaan  3  -1100  F. 
(d)  Hardnaat  of  all  apaclaana  after  1950  F  annaal  -76 


■ABLE  8.  DIMEHSIONAL  CHAWES  IN  SAW-CAST  Mg-Al-^n 
MACSNESrifli  ALLOYS  OF  NONlKAL  OONPOSniOWCJO) 


TABLE  9.  DUENSIONAL  CHANGES  IN  SAW-CAST  AZ91C 
MACWSIW  AUCY  OF  HIGH  AW  LON  OQWOSI- 

TIC»<20) 


7c— >af  Tlaa,  hr 

-F  24 


10 

100 

1,000 

10,000 


Lr«A  -T 


!0 

100 

1,000 

10,000 


1C 

100 

1,000 

10,000 


0.001 

— 

0.014 

— 

0,012 

— 

0.025 

O-OOl 

0.0C2 

0.CO3 

0.013 

0.090 

0.050 

0.060 

C.058 

0 

0 

0.005 

O.Of" 

C.007 

c,c:9 

C.C21 

ouac 

0.008 

— 

0X14 

— 

CX14 

— 

0.0-54 

0 

0.004 

0.004 

0.032 

0.028 

C.C7fc 

0.06C 

0.078 

c 

C.OCl 

O.CCl 

CXCl 

0.004 

0.026 

c.c^ 

G.C27 

Llnaar  Growth, 
"to  f  212  y 


parcant _ 

250  F  3300  F 


iO 

-0.002 

XXOl 

— 

-0.001 

100 

-oxrc 

-0X0? 

0.017 

o.<m 

1,000 

■0.00^ 

-0X08 

0X64 

0.077 

5,000 

-Q.004 

0X50 

o.<^ 

0.082 

10,000 

0.004 

0.060 

0.082 

C.082 

15,000 

-0X08 

— 

— 

0.082 

20,000 

-0.0005 

— 

— 

0.083 

10 

Q 

0 

0 

0XC3 

IOC 

c 

0 

0X04 

C.Q20 

1,000 

0 

0XC5 

0.<K8 

0.039 

5,000 

0 

0.018 

0.044 

0.044 

10,000 

0 

0.025 

0.044 

0.046 

10 

i-vw  >xa 

x.ots? 

BQf.ltign 

-0.CC2 

0.001 

-O.Oll 

lOD 

-0X03 

XX05 

0,002 

0.012 

1,000 

-e.«>4 

-O.OC-f 

0.G25 

0.050 

5,000 

-0.004 

0.016 

0X71 

O.C^ 

10,000 

0X04 

0.030 

0.072 

0X74 

IC 

0 

0 

0X01 

C.003 

IOC 

n 

vr 

C.i.*a2 

0.004 

0.02f^ 

1,000 

e 

Q.vr 

0.025 

0.057 

5,000 

c 

0.C21 

0.068 

0,069 

lO.OCC 

0.001 

0.029 

G.C68 

<^.072 

tmu  lOa  ommtomL  chmou  u  s«iio>cmt  moos- 
ini  isjuars  am*nam  iMHHuynu  mtau 

TMU  12.  MUT  muamm  im  rimiaccvM  of  it-mh 
stAouu  simi^O 

Ot  IHOBUF 

ao 

) 

T)M»' 

AU«r  ptx 


EDW  -F 


-T4 

10 

0d00«l 

0X03K 

0 

0 

100 

0,007 

04003 

0 

0 

1,000 

0d007 

0X03 

0 

0 

-T9 

10 

04006 

0X03 

0 

0 

100 

04007 

0X03 

0 

0 

1.000 

0,007 

0X03 

0 

0 

-19 

10 

0,007 

0X09 

0X09( 

04009K 

100 

0,011 

04010 

0X10 

0,006 

1,000 

0<.013 

0X11 

0X10 

04006 

9,000 

0,014 

0X12 

0X11 

0X06 

-16 

10 

0,012 

0X07 

0X07 

0X02 

ICO 

0,014 

0X(» 

0.008 

0X03 

1,000 

0,019 

oxoe 

oxoe 

0X04 

9,000 

0U>19 

oxoe 

oxoe 

0X09 

-F 

10 

0,011 

0X12 

0.019 

0X10 

100 

0,013 

0.019 

0X17 

CX12 

1,000 

0U114 

C.018 

0X17 

0X12 

9,000 

0^)14 

0.019 

0X18 

0X13 

-T9 

10 

0,011 

0X13 

0X12 

0X10 

100 

0X13 

0X16 

0X19 

0X12 

1,000 

0X13 

0X18 

0X17 

0X13 

9,000 

0.013 

0X19 

0X18 

0X14 

-T4 

10 

0.011 

0X10 

0X10 

0X17 

100 

0.011 

0X11 

0X13 

0X18 

1,000 

0X11 

0X14 

~ 

— 

9,000 

0X11 

0X14 

— 

— 

-T6 

10 

0X03 

O.OC3 

CX02 

0X06 

iOO 

0X03 

0XC9 

0X09 

0.011 

1,000 

0.003 

0.007 

0X13 

oxu 

9,000 

0.003 

0.007 

C.013 

O.Oli 

-F 

10 

OXil 

0.006 

0X06 

0X06 

100 

0X13 

0X07 

CX06 

0.007 

1,000 

0.014 

0.008 

0X07 

oxoe 

9,C00 

0.014 

0X08 

0X08 

0X06 

-T5 

10 

0.011 

C.008 

0.0M 

0.006 

100 

0.013 

CXIC 

OXIO 

0X08 

1,000 

0,014 

exu 

0.0U 

0X0^ 

9,000 

0.014 

0X12 

0X12 

0.010 

T*Blf  ii.  DIKKSIOttAi,  CKMCIS  1«  SAIB>-CASt  at;*- 
)UC2CSIUit  AUCY  ' 


Kr 

212  F 

300  F 

400  f 

wT" 

1 

0.002* 

0,003* 

0 

c.ooa 

2 

CXCl 

C.0C9 

♦C.0C2 

0,005 

4 

0.0C3 

0,002 

0.001 

0.009 

g 

CXCl 

C.006 

♦c-.oca 

0.009 

24 

C.OCl 

0X04 

♦0X0 

CX04 

43 

CX04 

♦C.OOl 

0.0C9 

96 

♦C.0C2 

O.OC2 

♦C.0O4 

— 

193 

O.OCl 

0.003 

v? 

— 

0.006* 

0.006 

C.OW 

0.000 


Coippor  <*>  non^glnt 

ite«tMlUi«d  1925  r 

in  oil 

lAfrtftntttf  owxniqitt  at 
-140  F 

Kairlgaratad  6  br  at  -4C  f 

Ag0d  4  har  at  1025  F 

A«ad  l-V'4  at  99C  F 

iafrl9aiata4  ewxnlght  at 
-140  F 

A^ad  II  at  990  F 

OteooRd  to  also  for 
ni^idlng 

Sltridad  at  1020  F.  aoX 
diatoeiatian«  apprcx 
45  hr 

Cuppar  chaoicallY  x«- 


X  Ends 
Only 
X  X 


Xonfoginp  facaa  gi.uvd, 
caaa  ccaiplataly  raaovad 
GaglAQ  facat  ground 
Stzast  roUavad  4  hr  at 
1000  F  In  cracXad 

Danignat^lrad 

Lappod 


X  X 

X  X 


X  X 


Block  mcalvad  only  thoaa  troatnants  indicated 
by  X.  Order  of  procadura  ik  chronological 
frcai  top  to  bottoa. 

To  inh'bit  nitriding  and  aliainata  naai  for 
grinding  of  nongaging  turfacaa  after  nitriding. 
Manufacturar' a  racoaaandad  haat  traatwnt  for 
condition  H  1C29. 


TABLE  13.  MIT  HEAT  :I^_A’lBrr  FOB 


Row^  Mchtna  all  or«; 

Aga  at  14SC  P  i29  in  a  hydrogen  or  protactlva 
ataoaphara  for  una  hour 

Fymofo  cool 

Flnlah  Mchlna 

Cycle  5  tlaaa  -  fro*  ♦kil  F  to  -ilO  F.  Air  aara 
and  air  cool  bataaan  cycling  parlcdt 

IniTrumT  Benrliiaa 

Parta  to  ba  rough  aachlnad  allcwlrtg  O.OOVln.  par 
aide  to  flnlah  aira 

Haat  to  1430  F  *i3  for  I  ^ ’ur  in  vacucai  or  pro- 
tactad  vtitoapKFra 

Cool,  at  a  raU  c-f  iOOO  par  -  ■  i  sailiaui  to  400  F 
(vaevu*  or  protactad  aU..  c  ava  net  naadad  baloa 
713C  Tf  Uvan  atlll  air  cc^  to  roc*  tanparatura 

daef-ina  part*  tc  flnlah  *ti# 

Kaat  to  ♦210-  F  *10  In  dalonliad  boiling  »*tar  for 
10  b1  utat 

Baaacw  to  roc*  taaparatur*  for  1C  »lP-;taa 

Cool  tc  -iOC  F  *10  In  acalcna  and  dry  Ic#  (for  10 
•Inutaai 

Bapaat  procadura  3  cyciat. 
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TABLE  14.  EFFECT  OF  TaHPEitAiyRE  CHANGE  ON  THE  STRESS  BUIL0-W  IN  PQLYCNySTAUINE. 
NOMOSIC:  MATERIALS! 


MaUrtal 

Lattlr*  Typa 

n?  daoraa* 

*T.  C 

.p2 

P«i 

C 

Uranlua 

Monoclinic  ( orthorhoabic) 

0.254 

550 

135.0 

360 

Salanlua 

Haxagonal 

0.154 

200 

30.8 

219 

Zinc 

Htxa^onal 

0.125 

400 

504) 

178 

CacteluB 

Kaxa9onal 

CU>645 

300 

19.3 

92 

Tin 

Tatra9i»nal 

0.C506 

200 

10.1 

72 

Tallurliaa 

Haxagonal 

0.0322 

350 

11.3 

46 

Zlrconlw 

Hax«9onal 

0.0272 

850 

24.0 

39 

Antlaoety 

Rhoabohadral  (txl9onal} 

0^)150 

600 

9.0 

21 

Bliuth 

Rhoafaohadral  (trl9onal) 

0.0066 

250 

1.65 

9.4 

HognatluM 

HBxa9onal 

0.00193 

550 

1U)6 

2.7 

*  ^  It  the  ■Nxlatw  3tr«tt  t^lch  Mry  artt*  clot*  to  tho  9rtiti  Loundarltt  in  •  poiycrytttl- 
11m  •99t»9ato  with  variation  of  Uaparatura  by  1^}  Nr  tha  potaibla  rangat  of  taMpara- 
tura]  arrtha  ttrattat  corraapotallng  to  thla  raoQa  of  taa^jaraturot. 


TABLE  15.  CFFan^  OF  CRYOGENIC  AGING  AND  REACTOR 

IRRAOUTION  ON  THE  LENGTH  OF  GAGE  BLOCKS 
AS  MEASURED  BY  OPTICAL  UfTERFanMETRYVA} 


Chart9a  In  Inch 

•^clwn  Lanoth,  t2.0 


Datignation 

Tiaat-vant 

adcrolnchat/lr. 

No  il«fri<»ritlon  Cyciad 

Control 

3oc*-  teapera  tura 
stc  - 

♦1.0 

Ul  ioo 

Cryoganlctlly 

a<^ 

♦32.0 

ut  lei 

! rradlatad 

5x10^^  nvt 

♦2,0» 

Let  102 

I  trad la tad 

5i:lol^  rsvt 

♦3,0* 

Ijt  !Q3 

Irradlatad 

LxlClo  '■■.'t 

♦207.0* 

Ref i'ioftXAtian  Cyd*d 

Control 

S  oos!-  lesaprr  a  turt 
itertoa 

♦2.0 

Lot  120 

Cryoganlctl  ly 

►3a  d 

-3.0 

Lot  1.1 

Siraalttad 

5jiiC-‘^  nvt 

-15.0* 

Lot  122 

Irradiated 
!uilC‘  ■■  nvt 

-53  .C* 

Lot  I?3 

IrradUtrd 

5x1 Ci 6  nvt 

-591  .C* 

*  )t*iE'ar*s<ct  t-»*n  T  i*y»  »fl*r  art-J  cf 
Irradi-sttcr.. 


iMM  tt.  frrscT  or  canxnxc  tens  *»  tucroa  naaMtttca  cm 
IK  Mctnr  or  HTtnap  wsTann  it  ckx  luacsi*) 


Oesl^oMtioa 

Amur*  or 

-ibalaiLtt.. 

iti 

AA 

ii  »  ;  .T3» 

M  t.<rlMT«ttaa  exUxi 

CatiZr^ 

•p«»- ta^Wilure 

&.9 

-ij 

L«<  ICC 

CruaaKUd  It 

•t»* 

U.6 

-C.V 

-«-5 

Ux  tOi 

j>.d 

.. 

Ut  102 

lrr«»4i|^ 

S.f 

Ut  103 

IrrMUt»«  Ii.i 

'•id*  .TTt 

-1.?' 

-U.C 

3-t 

ux 

CneeMfiicM;  It 

U*  cJi 

SrT*ikf\e< 

IFfi 

»c.; 

*■?  .c 

i./? 

>.a 

-1  A.  ' 

IJi 

.5 

-  Va.A 

T*tS  17 


Ei>rr;'  or  cirraaritic  m  Attcm  mmwm 
cm  K*QwsiM;is  tr  <j«<a 

StCCXri'^) 

MaktMLBsmimsi 

SfaciMn  Ch»rt3» 


Sviteee 

Traotsoiit  MOQO  tool 

48COO  pal 

m. 

MiteteilUsfliilsiita 

Cantttl 

Sido  1 

iioon>«oa!>*iat'on 

-48,700 

-SdeMO 

-3,700 

-2,500 

Ut  105 

Sltia  1 
Sitio  7 

Oyo^onlcaily 

a»ad 

h63,400 

-71,200 

-16,450 

Lot  m 

Sido  1 
Sldo  2 

IrradiaM 

5i(l0*°  nvt 

-36,400 

-2, 'MO 
-3,700 

let  IC9 

5ld«  1 
S13*  2 

Irradtatad 

SxiOl^  nwt 

-56,350 

~64,-tVO 

-2,300 

-1,960 

Lot  103 

Sldo  1 
S14*  2 

£l 

Irradlntd 

SxlO"®  nvt 

-4d,00? 

-SSiWh' 

-2,200 

-2,600 

Cioritrol 

S13*  1 
Sidf  2 

Room- taaporatura 
otorago 

-114,700 

•iOSjt'OO 

-2,100 

-3,600 

Lot  120 

SWo  1 
Sido  2 

Cryoganlctl  ?.y 
ogod 

-135,800 

-140,200 

-2*,7C4) 

-4,400 

Lot  131 

Sldo  1 
Sldo  2 

Irridlnted 

5x1014  n/t 

-163,400 

-156,300 

-6, MO 

-10,3«C 

Lot  122 

Sldo  t 
Side  2 

Irradlatad 

SxJOlT  nvt 

-144,300 

-138,200 

-31,600 

->7,300 

Lot  133 

Sldo  1 
Sldo  2 

IrradlfM 

5x10*8  nvt 

•123,400 

-133,200 

-33,250 

-29,600 

»  Mlnut  tlan 

ST'  awd  «n 

mrtsrsit*  (It2)-(2U)  unrcMi.vad  tfsubVvt* 


tau  IS,  awT  or  %De»-Taws(up«iE  fmms  os  thk  i«»£m  or 
xmjaiAt&-<um 


Spcclmn 

Gaalgnatlan 

InadfiCtlon 

Sxpot«!(w, 

£n  <0 

MimwtfWiiMloin'rfpTimiiBwi'fiiirfm'iiwmw 

bevUtion  S^nel  0,750  Ik, 

_ alsigiw'Tnis/tn-  ..  . 

ail£s_. 

21  d*V3 

Cantzoi 

Hone 

4i,0 

^,0 

♦5.0 

+2.0 

Let  101 

5s10*6  Bvt 

-1,0 

♦3,1) 

+V.0 

■>9.0 

Ut  KK 

5x1017  nvt 

-ays 

+3.0 

+9,0 

+10.0 

tot  102 

SxtOlS  nvt 

+2.0 

•«ajT.o 

♦256,0 

♦258.0 

t^tni 

dior» 

Orft 

*3.,G 

+1.0 

+1.0 

Lot  121 

nvt 

0>0 

-15.0 

-12,0 

-11.0 

Lot  125 

5x1C17  rnrt 

-1.0 

-53.0 

-4S.C 

-49,0. 

U.t  123 

SslolO  ,irt 

0.0 

-M1.0 

-5S4,0 

-579,0 

MMtBwaaticmKSeiam 


rme  19^  suouby  or  owmses  or  ibhoth,  x’m.ficm  hesiduai. 
^^caosntess,  ^  m>MT  or  Rsi.*m!  kjetshite  ik 

UAGB 


Spectaan 

Daalgnation 

Troataent 

Chang*  In 
Langth, 
12.0),in./ln. 

Avoragad 
Change  In 
Ra ay dual 
Stresa, 
33000  psi 

Chaiqga  in 
Amount  of 
hatained 
Austenite, 
+0,3  volS 

N^t  Rf CvcXcd 

Control 

Roon-ttfnptrttuJK 

stox-s^t 

+1.0 

-3,100 

lot  100 

Cryoganlcally 

«5ed 

+32.0 

-8,500 

-0.9 

Lot  101 

5x10^^  n>rt 

+2.0 

-3,300 

-0.2 

lot  102 

Irr9diat«d 

5x10*7  nvt 

♦3.0 

-2,200 

-0.5 

Lot  103 

IrradUtod  +207.0  -2,4C0 

5x10*8  nvt 

Bgfrl9f^atl9n  Cycled 

-%6 

Conti^l 

Roea-tanparatim 

atoragt 

Cryccanlcally 

+2.0 

-2,85C. 

-0.3 

Lot  ,20 

-3.0 

-14,550 

-0.6 

lot  121 

Irradiatod 

5x10*6  nvt 

-15.0 

-  9,500 

-K).l 

Lot  122 

Irrtdlxivd 

5x10*7  nvt 

-53.0 

-19,350 

"Ovfe 

Lot  123 

IrradiaUd 

5x10^^  nvt 

-591.0 

-31,000 

-1.8 
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I- OatOINATIN  6  activity  fCe^eraic  avllM  >.««- 

Battel le  Memorial  Institute 
Defense  Metals  Information  Center 
"Zj  King  Avenue.  Columbus.  Ohio  43201 

I.  aCeONT  TITLE 

Review  of  Dimensions!  Instability  in  Metals 


wn 


Sb  •R»UT' 


4.  oucniarivt  notu  Or^  ot-^HnHSi (MaMirTSitMt) 
DMIC  Memorandum 


AUTHOnfS^  (ttt  MB*.  Hnl  MM.  mllM} 


Malinger,  Robert  Eo 


§.  RCRORT  DATE 

7«-  total  mo.  or  PAOK* 

7b.  NO.  or  REM 

June  23,  1966 

32 

109 

e«.  c«<rNAeT  or  brant  no. 

AF  33(-615)-3408 

a.  NAojsor  Nc. 

•  a.  ORietNATOR'S  REHIRT  Nl-MBKII^; 

DMIC  Memorandum  213 

e. 

•  6.  ^THjtR^RyRORT  HO(S)  fA  nf  eOMr  nuabar*  diM  mtay  b»  matifutf 

d. 

_ 

iO.  A VAtLAe;UVY/LIMITATiOM  NOTICES  CopleS  Of  t 

supply  lasts,  from  DMIC  at  no  cost  by  U. 
tractors,  and  their  suppliers.  Quallfie 
Defense  Documentation  Center  (DDC)j  Alex 

his  memorandum  may  be  obtained,  while  the 

S.  Government  agencies,  contractors,  subcon- 
d  requestors  may  also  obtain  copies  froiu  the 
andrla.  Virginia  22314. 

II.  SURRLEttENTARY  NOTES 

_ 

12.  SRONSORIN.;  MILITARY  ACTIVITY 

U.  S.  Air  Force  Materials  Laborator/ 
Resea.Tch  and  Technology  Division 
Wright-Patterson-Air  Force  Base,  Ohio 

1$.  ABSTRACT 


I  This  njemorandum  discusses  some  of  the  problems  that  arise  as  a  result 

of  dimensional  instability,  and  presents  data  on  stability,  precision  mechanical 
properties,  and  stabilization  procedures  for  a  variety  of  materials.  The 
memorandum  is  intended  to  supplement  DMIC  Memorandum  lb?,  "A  Review  of  Dimensional 
Instability  in  Metals",  by  F,  C.  Holden,  and  dated  March  19,  1964.  Emphasis  is 
placed  on  the  causes  and  effects  of  dimensional  Instability.  These  are  discussed, 
and  available  information  on  how  they  can  be  controlled  is  presented. 
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Stre 8 s-micro strain 
Creep 
Microcreep 
Temperature 

Coefficient  of  expansion 

Zirconium 
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Copper 

Aluminum  alloys 
Beryllium 
Stainless  Steel 
High-strength  steel 
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Magnesium  alloys 
Titanium 


8 

8 

7,8 

8 

8 

8 

7,8 

8 

8 

8 

8 

8 

6 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Unclassified 


irity 


fOW'^fOPJCOmCOCOCOCOfOCOfOCOCOCOCOOCOfOCOCOCOfO 


